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Crowds are likely to stay or move in a specific area and time. Due to mobility in crowds, crowd
counting is often a difficult task. Here a physical model based on the logistic model is suggested to
explain how crowd mobility affects crowd size. This model sheds light on a collective contribution
of crowd mobility and growth rate in crowd counting. This model offers a framework to understand
static and mobile crowd dynamics.
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I. INTRODUCTION
How many people attended there? This question is
simple but important in many social, physical, and bi-
ological situations [1–5]. Counting or estimating crowd
size, both a priori and in real-time, is an essential ele-
ment for planning and maintaining crowd safety in places
of public assembly [5]. Crowd dynamics have been widely
studied as collective human behaviors [6–10]. Count-
ing people in a specific area and time is of extreme im-
portance for the avoidance of crowd disasters and to
facilitate emergency evacuations [10, 11]. In principle,
crowds are likely to stay or move [11–15]. Generally, mo-
bile crowds consist of replaceable attendees, while static
crowds have no replacements of attendees. In many cases,
direct counting methods are not applicable despite many
modern technologies in estimating crowds by visual anal-
ysis with artificial intelligence [16] or drone [17]. Due to
mobility in crowds, counting or estimating crowds is still
a difficult task.
In this article, a physical model based on the logistic
model is suggest to understand how crowd mobility af-
fects crowd size. This model sheds light on a collective
contribution of crowd mobility and growth rate to crowd
size. This model is applicable for both of static and mo-
bile crowds, offering a new framework for understanding
static and mobile crowd dynamics.
II. MODEL
First, consider a physical situation for a crowd that
occupies a fixed number of chairs. Practically, a crowd
gathers in a place with time, reaches a peak for a while,
and eventually diminishes with time. In this situation,
the number of attendees can be modeled by a combina-
∗Electronic address: bmweon@skku.edu
tion of growth and decay dynamics. The first (or final)
attendee can be considered as a. The rate of growth (or
decay) is defined as b. The maximum capacity in a place
is defined as c (physically, c is determined by a multiple
of the occupation area α and the population density β as
c = αβ as consistent with the Jacobs method [1]).
Next, imagine a specific place that possesses a fixed
number of chairs. The maximum number of attendees at
a moment should be limited to the fixed number of chairs.
Consider the average transient time d that is spent for
people to stay by sitting the fixed number of chairs and
should be dependent upon the attendee’s mobility. As-
suming the entire time e for growth and decay, the tran-
sient probability f is calculated as f = d/e. By quan-
tifying the transient probability, we are able to evaluate
the crowd mobility.
The nature of static or mobile crowds can be charac-
terized by the transient probability. For instance, think
about a restaurant or a stadium. In a restaurant, most
people may stay to have lunch for a while (e.g., for 30
minutes) during lunch time (e.g., for 2 hours), suggesting
the transient probability to be f = 30120 = 0.25 on aver-
age. In a stadium, most attendees want to stay for a while
(e.g., for 110 minutes) during the game (e.g., for 2 hours),
indicating f = 110120 = 0.92. The first case of a restaurant
corresponds to a mobile crowd (f  1.0), while the sec-
ond case of a stadium to a static crowd (f ≈ 1.0).
As a simplest model to describe static or mobile
crowds, the logistic growth model is adopted before
reaching a peak as [18–20]:
p(t) =
ac
a+ (c− a)e−bt , (1)
and after passing a peak (assumed as g = 12e), the logistic
decay model is given as:
p(t) =
ac
a+ (c− a)e−b(g−t) . (2)
Here p(t) is the number of attendees given at a moment
and determined by the first (or final) number of attendees
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FIG. 1: The logistic model: (a) the attendee number changes with time [a = 1.0, b = 0.2, c = 100, d = 30, and e = 120], (b)
the contribution of the growth rate b [by fixing a = 1.0, c = 100, d = 30, and e = 120], (c) the contribution of the transient
probability f [by fixing a = 1.0, b = 0.2, c = 100, and e = 120], and (d) the collective contribution of the growth rate b and the
transient probability f [by fixing a = 1.0, c = 100, and e = 120].
a, the growth (or decay) rate b, the maximum capacity
c, the average transient time d, and the entire time e,
which produce the transient probability f = d/e and the
peak time g = 12e. By integrating p(t) with respect to
t and dividing it by the average transient time for an
individual, the total number P can be estimated as:
P =
∫
p(t) dt
d
. (3)
III. RESULTS
Figure 1 shows an example for how the attendee num-
ber changes with time by the parameters in the logistic
model. In Fig. 1(a), for the physically feasible condi-
tions, a = 1.0, b = 0.2, c = 100, d = 30, and e = 120 are
assumed (time is normalized). Controlling the parame-
ters, the attendee number in static and mobile crowds
is assessable during crowd growth [Eq. (1)] and crowd
decay [Eq. (2)]. For simplicity, the growth dynamics is
assumed to be symmetric with the decay dynamics. In
Fig. 1(b), the contribution of the growth rate b is tested
by fixing the other conditions in Fig. 1(a) except for the
variable b [a = 1.0, c = 100, d = 30, and e = 120]. In-
terestingly, the total number significantly increases with
the growth rate b. In Fig. 1(c), the contribution of the
transient probability f is tested by fixing the other con-
ditions in Fig. 1(a) except for the variable f [a = 1.0,
b = 0.2, c = 100, and e = 120]. Interestingly, the total
number is inversely proportional to the transient proba-
bility f . The collective contribution of the growth rate
3and the transient probability is illustrated in Fig. 1(d)
[by fixing a = 1.0, c = 100, and e = 120], showing that
the total number is significantly affected by the transient
probability for most b values (b & 0.2); that is, the crowd
mobility crucially determines the total number of atten-
dees.
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FIG. 2: The characterization of static and dynamic crowds:
the total number of attendees is determined by the collective
contribution of the transient probability and the growth rate.
For instance, the total number increases by 3.7 times when the
transient probability decreases to f = 0.25 (a dynamic crowd,
as marked A) from f = 0.95 (a static crowd, as marked B)
for the same growth rate b = 1.0 [by fixing a = 1.0, c = 100,
and e = 120].
To shed light on the collective contribution of the
growth rate and the transient probability to the total
number of attendees, Figure 2 is illustrated in three di-
mensions [by fixing a = 1.0, c = 100, and e = 120].
Most interestingly, the total number is significantly af-
fected by the transient probability. In particular, the
total number significantly increases by 3.7 times when
the transient probability decreases to f = 0.25 (P = 3.7c
as marked A) from f = 0.95 (P = 0.97c as marked B) for
the same growth rate b = 1.0. This result clearly shows
how mobile crowds can be more than static crowds. It is
noteworthy that the logistic model is applicable for both
static and dynamic crowds by simply changing the pa-
rameters. To generalize the result, the total number of
attendees becomes more than the maximum capacity for
mobile crowds (P  c) and becomes less than or equal
to the maximum capacity for static crowds (P 6 c).
IV. DISCUSSION
The physical model, taken in Eqs. (1)−(3), describes
how the crowd size changes with time in static or mobile
crowds. The model clearly shows how the crowd mobility
and the growth dynamics affect the crowd size and why
mobile crowds can be more than static crowds. The phys-
ical model would be broadly applicable to estimate the
total number of clients visiting a store in economics, the
crowd size of a protest in sociology, the particle transport
through porous media in physics, and the number change
of a species in a specific colony in biology. Practically, in
social, ecological, or physical crowds, the logistic model is
testable by measuring the transient probability and the
growth rate. Further studies are required to verify the
applicability of the logistic model in crowd dynamics.
V. METHODS
The logistic model was numerically calculated by vary-
ing the parameters with the OriginPro software (Origin-
Lab, OriginPro 9.6-2019B, USA), particularly for the
data analysis in Fig. 1 and the three-dimensional figure
configuration in Fig. 2.
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